Revisiting Mitochondrial Function and Metabolism in Pluripotent Stem Cells: Where Do We Stand in Neurological Diseases?
Pluripotent stem cells (PSCs) are powerful cellular tools that can generate all the different cell types of the body, and thus overcome the often limited access to human disease tissues; this becomes highly relevant when aiming to investigate cellular (dys)function in diseases affecting the central nervous system. Recent studies have demonstrated that PSC and differentiated cells show altered mitochondrial function and metabolic profiles and production of reactive oxygen species. This raises an emerging paradigm about the role of mitochondria in stem cell biology and urges the need to identify mitochondrial pathways involved in these processes. In this respect, this review focuses on the metabolic profile of PSC and how mitochondrial function can influence the reprogramming and differentiation processes. Indeed, both embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs) favor the glycolytic pathway as a major source of energy production over oxidative phosphorylation. PSC mitochondria are characterized by a spherical shape, low copy number of mitochondrial DNA, and a hyperpolarized state. Indeed, mitochondria appear to have a crucial role in reprogramming iPSC, in the maintenance of a pluripotent state, and in differentiation. Moreover, an increase in mitochondrial oxidative phosphorylation has to occur for differentiation to succeed. Therefore, in vitro differentiation of neural stem cells (NSCs) into neurons can be compromised if those mechanisms are impaired. Future research should shed light on how mitochondrial impairment occurring in pre differentiation neural stages (e.g., in NSC or premature neurons) may contribute for the etiopathogenesis of neurodevelopmental and neurological disorders.